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SUMMARY 
In-simulator s i n k - r a t e  performance a t  touchdown with a conventional-image 
d i s t a n c e  p r o f i l e  is compared with performance w i t h  a p r o f i l e  t i l t e d  such t h a t  
t h e  lower p o r t i o n  of t h e  d i s p l a y  appears closer than t h e  upper po r t ion .  The 
o b j e c t i v e  d a t a  r evea led  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  u n t i l t e d  and t h e  
t i l t e d  cond i t ions ,  a l though s u b j e c t i v e  opinions ind ica t ed  increased depth c u e s  
f o r  t h e  t i l t e d  c o n d i t i o n  of a rudimentary Computer Generated Image (CGI)  
perspective-runway d i sp lay .  N o  such i n d i c a t i o n s  of apparent  depth changes 
with tilt f o r  a t e r r a i n  model-board scene were obtained.  The inc reased  d e t a i l  
a v a i l a b l e  f r m  t h e  t e r r a i n  board, as suggested by an improvement i n  s i n k - r a t e  
performance over t h a t  ob ta ined  from t h e  rudimentary CGI d i s p l a y ,  is assumed 
to provide depth c u e s  t h a t  are no t  no t i ceab ly  augmented by tilt e f f e c t s .  
Although s u b j e c t i v e  opinion w a s  f avorab le  for t h e  t i l t e d  CGI image, t h e  
conclusion is t h a t  t h e  increased e f f o r t  involved to  o b t a i n  t h e  proper tilt 
p r o f i l e  is no t  warranted, as t h e r e  is no r e s u l t a n t  improvement i n  o b j e c t i v e  
performance. This  conclusion is based i n  p a r t  on the  e x p e c t a t i o n  t h a t  t h e  
s u b j e c t i v e  p re fe rence  f o r  t h e  t i l t e d  C G I  image w o u l d  l e s s e n  or disappear  i f  
the  a d d i t i o n a l  runway d e t a i l s  of a more s o p h i s t i c a t e d  CGI system were 
a v a i l a b l e .  
INTRODUCTION 
Some of t h e  factors a f f e c t i n g  t h e  q u a l i t y  of a f l i g h t  s i m u l a t o r  are t h e  
mathematical model of t h e  f l i g h t  v e h i c l e  and its environment; t h e  cockp i t  
hardware (such as in s t rumen ta t ion  and force-feel system);  and t h e  motion, 
au ra l ,  and v i s u a l  c u e s  provided t o  the  p i l o t .  Although the  g e n e r a l  q u a l i t y  
of c u r r e n t  t r a n s p o r t  s i m u l a t o r s  is bel ieved t o  be high, performance d e f i -  
c i e n c i e s  a r e  p r e s e n t ,  and p a r t i c u l a r l y  ev iden t ,  i n  t h e  a r e a  of f l a r e  and 
touchdown c o n t r o l .  The importance of these d e f i c i e n c i e s  is inc reased  as 
t h e  c i v i l i a n  segment of a i r  t r a n s p o r t a t i o n  relies i n c r e a s i n g l y  on f l i g h t  
s i m u l a t o r s  f o r  p i l o t  t r a i n i n g  and p ro f i c i ency  maintenance. 
These d e f i c i e n c i e s  have been a t t r i b u t e d  to  each of t h e  p rev ious ly  
mentioned f a c t o r s  ( r e f .  1 ) ,  with c u r r e n t  emphasis placed on t h e  motion 
f a c t o r  ( r e f .  2) and, more commonly, t he  v i s u a l  f a c t o r  (refs. 3 and 4 ) .  
V i s u a l  d e f i c i e n c i e s  are f e l t  to  be p a r t i c u l a r l y  p r e v a l e n t  i n  elementary 
Computer Generated Image (CGI)  d i s p l a y s .  The amount of d e t a i l  i n  such 
d i s p l a y s  is i n s u f f i c i e n t  to  provide performance e q u i v a l e n t  t o  t e r r a i n  
model-board systems. The l a t t e r  systems i n  t u r n  do n o t  provide pe r fo r -  
mance e q u i v a l e n t  t o  t h e  rea l  world ( r e f .  4 ) .  
One of t h e  v i s u a l  d e f i c i e n c i e s  p r e v a l e n t  i n  CGI system is t h e  unreal-  
i s t i c  p r e s e n t a t i o n  of b inocu la r  and visual-accommodation cues.  This  paper 
p r e s e n t s  t h e  o b j e c t i v e  and s u b j e c t i v e  d a t a  c o l l e c t e d  du r ing  a fixed-base 
i 
eva lua t ion  of t h e  v i s u a l  e f f e c t  of image tilt of a r e f r a c t i v e - l e n s  d i s p l a y  
system ( r e f .  5 ) .  The system w a s  used to  p r e s e n t  a rudimentary computer- 
generated "out-the-window" scene to t h e  p i l o t  of a 737-1 00 s imula tor  during 
approach, f l a r e ,  and touchdown. It  was expected t h a t  t h e  tilt of t h e  image 
s u r f a c e  would provide a more real is t ic  s imula t ion  of t h e  b inocular  c u e s  
involved i n  t h e  landing  t a s k .  The r a t i o n a l e  f o r  t h i s  expec ta t ion  w a s  t h e  
f a c t  t h a t  t h e  image o r i e n t a t i o n  was ad jus t ed  by t h e  t i l t i n g  process t o  pro- 
v ide  apparent-image d i s t a n c e s  which were closer a t  t h e  bottom of  t h e  d i s p l a y ,  
whereas t h e  top of t h e  d i s p l a y  w a s  co l l ima ted  a t  i n f i n i t y .  Thus, t h e  f r o n t  
p o r t i o n  of t h e  runway dur ing  f l a r e  and touchdown appears to be nearer  t o  t h e  
p i lo t -observer  than t h e  f a r  end of  t h e  runway. I n  comparison, t h e  conven- 
t i o n a l  o r i e n t a t i o n  y i e l d s  apparent-image d i s t a n c e s  which are closer i n  t h e  
middle of t h e  d i s p l a y ,  whereas t h e  top and bottom of t h e  d i s p l a y  are col- 
l imated a t  i n f i n i t y .  
The rudimentary CGI scene was chosen f o r  t h e  i n i t i a l  e v a l u a t i o n  of t h e  
tilt e f f e c t  because t h e  CGI scene has  less apparent  depth  due to  l a c k  of  
d e t a i l  than o t h e r  a v a i l a b l e  scenes.  The tilt e f f e c t  w a s  expected t o  provide 
increased depth cues;  thus ,  t h e  increment i n  v i s u a l  e f f e c t  between t h e  u n t i l t e d  
and t i l t e d  cases f o r  t h e  CGI scene was expected to  be t h e  maximum p o s s i b l e  and, 
t he re fo re ,  should have been t h e  easiest increment to d e t e c t .  
Objec t ive  r e su l t s  from t h i s  s tudy  are presented  as comparisons of s ink  
ra te  a t  touchdown between performances fo r  u n t i l t e d  and t i l t e d  d i sp lays .  
Sixty-four landings  wi th  each cond i t ion  f o r  a t o t a l  of  128 touchdowns were 
made by 3 sub jec t s .  Sub jec t ive  d a t a  from t h e  eva lua t ion  u t i l i z i n g  t h e  CGI 
scene are also presented .  Other performance measures, such as t h e  f l a r e  and 
touchdown f o o t p r i n t s  ( r e f .  41,  were recorded and analyzed,  bu t  t h e s e  measures 
provided less s e n s i t i v i t y  than t h e  t r a d i t i o n a l  s i n k - r a t e  measure. 
The v i s u a l  e f f e c t  of t h e  image tilt was a l so  i n v e s t i g a t e d  f o r  a t e r r a i n  
model-board scene. This  comparison provided only  s u b j e c t i v e  da t a .  The 
o r i g i n a l  i n t e n t i o n  w a s  to conclude t h e  eva lua t ion  s tudy  with o b j e c t i v e  d a t a  
f o r  tilt with t h e  t e r r a i n  board scene,  but  t h e  o b j e c t i v e  r e su l t s  wi th  t h e  
CGI scene made t h i s  p lan  unnecessary. 
The CGI s ink - ra t e  r e s u l t s  of t h i s  s tudy  are also compared wi th  t h e  s ink-  
ra te  resu l t s  of a prev ious  s tudy  ( r e f .  6)  u t i l i z i n g  t h e  same s i m u l a t o r  and d i s -  
p lay  system with t h e  u n t i l t e d  t e r r a i n  board scene t o  demonstrate  t h e  e f f e c t  
of t h e  more d e t a i l e d  scene on touchdown performance. 
U s e  of t r a d e  names or names of manufacturers  i n  t h i s  report does no t  con- 
s t i t u t e  an o f f i c i a l  endorsement of such products  or manufacturers ,  e i t h e r  
expressed or implied,  by t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion.  
THE FLIGHT SIMULATOR AND LANDING TASK 
The va r ious  elements  involved i n  t h e  e v a l u a t i o n  of t h e  e f f e c t  of image 
tilt are descr ibed  i n  the  fol lowing paragraphs.  
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Computer Implementation 
The mathematical  model of t h e  a i r c r a f t  and t h e  s imula t ion  hardware d r i v e s  
were implemented on t h e  Langley real-time s imula t ion  system. This  system, 
which consists of a Cont ro l  Data CYBER 175 computer wi th  appropriate i n t e r f a c e  
equipment, solved t h e  programmed equa t ions  32 t i m e s  per second. The average 
t i m e  de l ay  from input  t o  o u t p u t  (1.5 t i m e s  t h e  sample per iod)  was approximately 
47 m s .  
A i r c r a f t  Mathematical  Model C h a r a c t e r i s t i c s  
The mathematical  model of a 737-100 a i r c r a f t  inc luded  a nonl inear  d a t a  
package f o r  a l l  f l i g h t  reg ions ,  a nonl inear  engine model, and nonl inear  models 
o f  se rvos ,  a c t u a t o r s ,  and s p o i l e r  mixers. The s imula t ion  of t h e  b a s i c  airframe 
underwent ex tens ive  v a l i d a t i o n ,  inc luding  c m p a r i s o n s  wi th  a c t u a l  a i r c r a f t  
response d a t a  and p i lo t  eva lua t ions .  For t h e  s u b j e c t  s t u d i e s ,  t h e  s imula ted  
a i r c r a f t  was i n  t h e  landing  approach conf igu ra t ion  wi th  t h e  approximate f l i g h t  
c h a r a c t e r i s t i c s  presented  i n  tab le  I. The f l i g h t - c o n t r o l  mode w a s  t h e  manual 
mode r a t h e r  than o t h e r s  a v a i l a b l e ,  such as control-wheel s t e e r i n g ,  naviga t ion ,  
or autoland.  
Fixed-Base C o c k p i t  
The t r a n s p o r t  s i m u l a t o r  cockpit a t  t h e  Langley Research Center w a s  u s e d  
f o r  t h i s  study. The primary ins t rumenta t ion  cons i s t ed  of an a t t i t u d e  d i r e c t o r  
i n d i c a t o r  ( inc luding  a c t i v e  f l i g h t - d i r e c t o r  bars and speed bug but  without  
f l a r e  guidance) ,  ve r t i ca l - speed  i n d i c a t o r ,  h o r i z o n t a l - s i t u a t i o n  i n d i c a t o r ,  
al t imeter,  airspeed i n d i c a t o r s  (both  ind ica t ed  and t r u e )  , angles-of-at tack and 
s l ides l ip  meters, and a tu rn  and s l i p  ind ica to r .  The c o n t r o l  f o r c e s  on wheel, 
column, and rudder peda l s  were provided by a hydrau l i c  system coupled with an 
analog computer. The system allows fo r  t h e  u s u a l  v a r i a b l e - f e e l  characterist ics 
of  s t i f f n e s s ,  damping, Coulomb f r i c t i o n ,  b reakou t  f o r c e s ,  and i n e r t i a .  The 
f o r c e  g r a d i e n t s  were provided by t h e  CYBER 175 computer. S e l e c t i o n  of t h e  
parameters of t h e  c o n t r o l  loading system w a s  included i n  t h e  ex tens ive  v a l i -  
d a t i o n  process for t h e  737-100 f l i g h t  s i m u l a t o r .  
Re f rac t ive  Display System 
An out-the-window v i r t u a l  image System wi th  t h e  t r i p l e t  l e n s  des ign  of 
r e fe rence  5 w a s  located nominally 0.79 m (2.58 f t )  from t h e  p i l o t ' s  eye. It  
has  a nominal f i e l d  of view 48O wide and 36O high and uses  a 525-line TV raster 
system. 
The system supplies a color p i c t u r e  of u n i t y  magni f ica t ion  wi th  a r e s o l u t i o n  
on t h e  order of 9 minutes of arc. 
The d i s p l a y  system provides  a 46O by 26O ins tan taneous  f i e l d  of view. 
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Visual-Scene Generator 
The v i s u a l  scene used for t h e  o b j e c t i v e  r e s u l t s  of t h i s  s tudy  w a s  gener- 
ated by an  Adage AGT 130 graphics  computer.’ 
o n l y  to o b t a i n  s u b j e c t i v e  opin ions  of t h e  tilt e f f e c t  on t h a t  type  of  system. 
The t e r r a i n  board system was used 
The CGI sce-ce.- The perspective-runway image ( f i g .  1 1 ,  drawn on a 30° by 
40° f l e l d  of view, included t h e  b a s i c  o u t l i n e  of t h e  runway and a c e n t e r l i n e  
drawn from 1828.8 m (6000 f t )  i n  f r o n t  of t h e  runway th re sho ld  t o  t h e  horizon.  
The runway image r e p r e s e n t s  a runway 1524 m (5000 f t )  i n  l eng th  and 41.67 m 
(136.72 f t )  i n  width.  Four equa l ly  spaced l i n e s  were drawn perpendicular  to 
t h e  c e n t e r l i n e  i n  t h e  plane of t h e  runway a t  304.8-m (1000-ft)  i n t e r v a l s  from 
t h e  threshold .  The mathematics necessary t o  draw t h e  runway image are  o u t l i n e d  
i n  r e fe rence  7. The v i s u a l  de l ay  of t h e  scene genera tor  was less than  1 2  m s ,  
which gave a t o t a l  v i s u a l  de l ay  of less than  59 m s  when combined wi th  47-ms 
de lay  of  t he  c e n t r a l  d i g i t a l  computer. 
The t e r r a i n  board scene.- A TV-camera t r a n s p o r t  system w a s  used i n  con- 
junc t ion  with a t e r r a i n  model board to  provide  a scene f o r  d i sp l ay .  The model 
board,  7.32 m (24 f t )  by 18.30 m (60 f t ) ,  o f f e r s  t e r r a i n  and a i rport  complexes 
a t  scales of 750/1 and 1500/1, complete wi th  t a x i  l i g h t s ,  v i s u a l  approach slope 
i n d i c a t o r s ,  runway end i d e n t i f i e r  l i g h t s ,  etc. P rov i s ions  are made for day, 
dusk, and n i g h t  scenes,  inc luding  a i r c r a f t  l anding  l i g h t s  dur ing  n i g h t  landings .  
The s u b j e c t i v e  d a t a  for t h e  eva lua t ion  of image tilt were taken on t h e  
1500/1-scale runway dur ing  d a y l i g h t  opera t ion .  The scaled runway width was 
81 m (267 f t )  and t h e  l eng th  w a s  3.50 km (11 500 f t )  . 
The approximate second-order t r ans fe r - func t ion  parameters  f o r  t h e  camera 
t r a n s p o r t  system are presented  i n  r e fe rence  8 and show t r a n s l a t i o n a l  l a g s  of 
approximately 1 0  m s  and r o t a t i o n a l  l a g s  of  approximately 20 ms .  Total  v i s u a l  
l a g  for t h e  t e r r a i n  board scene is thus  less than  70 m s .  
E f f e c t s  of Image T i l t  on Col l imat ion  
F igure  2 p r e s e n t s  a s t y l i z e d  ve r s ion  of t h e  u n t i l t e d  and t i l t e d  e f f e c t s  on 
t h e  v i s u a l  scene. The convent iona l  or u n t i l t e d  o r i e n t a t i o n  y i e l d s  apparent  
image d i s t a n c e s  which are closer i n  t h e  middle of t h e  d i s p l a y ,  with t h e  top and 
bottom co l l ima ted  a t  i n f i n i t y .  I n  t i l t e d  o r i e n t a t i o n ,  t h e  bottom of  t h e  d i s -  
p l a y  appea r s  t o  be closer, wi th  t h e  top of t h e  d i s p l a y  co l l ima ted  a t  i n f i n i t y .  
F igure  3 p r e s e n t s  t h e  geometry necessary to  produce t h e  d i s t a n c e  p r o f i l e s ;  t h e  
POLYPAGOS ray  t r a c i n g  program of r e fe rence  5 w a s  used f o r  t h i s  design.  The 
t i l t e d  image s u r f a c e  of  f i g u r e  2 does more c l o s e l y  approximate t h e  ideal  sur-  
f a c e  r e l a t i v e  t o  t h e  l i n e  of s i g h t  during a t y p i c a l  landing approach than  t h e  
u n t i l t e d  image sur face .  
Manufactured by Adage , Inc.  
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Flare and Touchdown T a s k  
The simulated a i r c r a f t  w a s  trimmed i n  a 3O descen t  on t h e  g l i d e  slope and 
l o c a l i z e r  a t  a range of 3.22 km (2 miles) from t h e  runway th re sho ld  and an a i r -  
speed of 120 knots. The a i m  p o i n t  on t h e  runway w a s  304.8 m (1000 f t )  beyond 
t h e  th re sho ld .  The t a s k  w a s  t o  maintain t h e  3O g l i d e  s l o p e ,  execute  t h e  t r a n -  
s i t i o n  to f l a r e ,  and then l and  while c o n t r o l l i n g  speed. Although s i n k  ra te  a t  
touchdown w a s  t h e  primary performance measure,  t h e  g o a l  w a s  t o  make a normal 
touchdown with conven t iona l  techniques.  N o  s imulated turbulence or winds were 
p resen t .  
Experimental S u b j e c t s  
Three experienced s u b j e c t s  ( t w o  nonresearch p i l o t s  and one s imula t ion  
eng inee r )  made a t o t a l  of 128 landings,  e q u a l l y  d iv ided  between the  CGI 
u n t i l t e d  and t i l t e d  scenes.  S t a t i c  viewing and s e v e r a l  landing approaches 
provided s u b j e c t i v e  d a t a  f o r  t h e  eva lua t ion  with t h e  t e r r a i n  board scene. 
EXPERIMENTAL PROCEDURES AND RESULTS 
I n  order  to  e v a l u a t e  t h e  e f f e c t  of CGI  image tilt on p i l o t / s i m u l a t o r  
landing performance, each of the t h r e e  s u b j e c t s  involved i n  t h e  s tudy w a s  
allowed to  f a m i l i a r i z e  h i m s e l f  with the  c h a r a c t e r i s t i c s  of t h e  s i m u l a t o r .  
(Landings were allowed during this period.)  Forty-eight  approaches and 
l and ings  were then completed by each of 2 s u b j e c t s ,  and 32 were completed 
by t h e  t h i r d  s u b j e c t .  U n t i l t e d  and t i l t e d  c o n d i t i o n s  f o r  each s u b j e c t  were 
randomized t o  e l i m i n a t e  l e a r n i n g  and f a t i g u e  e f f e c t s .  
A f t e r  t h e  d a t a  were collected for t h e  CGI  scene, each s u b j e c t  made s e v e r a l  
approaches and l and ings  i n  t h e  s imulator  with t h e  t e r r a i n  board scene i n  both 
u n t i l t e d  and t i l t e d  cond i t ions .  Each s u b j e c t  a lso observed t h e  t e r r a i n  board 
scene f o r  both c o n d i t i o n s  i n  a s t a t i c  d i s p l a y  a t  f l a r e  p o s i t i o n .  None of t h e  
s u b j e c t s  f e l t  there w a s  any s t a t i c  or dynamic v i s u a l  d i f f e r e n c e  between t h e  
u n t i l t e d  and t i l t e d  d i s p l a y  of t h e  t e r r a i n  board scene. 
The s u b j e c t i v e  op in ions  of o the r  obse rve r s  of t h e  s t a t i c  scenes a l s o  
revealed a l a c k  of d i f f e r e n t i a t i o n  between t h e  u n t i l t e d  and t i l t e d  d i s p l a y s  
of t h e  t e r r a i n  board scenes.  The depth c u e s  a l r e a d y  a v a i l a b l e  from t h e  f i n e r  
d e t a i l s  of t h e  t e r r a i n  board without tilt seem to  e x p l a i n  t h i s  l a c k  of d i f -  
f e r e n t i a t i o n .  Conversely t h e  d i f f e r e n t i a t i o n  w a s  q u i t e  pronounced f o r  a l l  
obse rve r s  with t h e  CGI  scenes.  
Object ive CGI T i l t  R e s u l t s  
Table I1 p r e s e n t s  t h e  r e s u l t s  of an a n a l y s i s  of va r i ance  of the  s i n k - r a t e  
performance with and without  tilt of t h e  CGI  scene. Figure 4 p r e s e n t s  t h e  
means and s tandard d e v i a t i o n s  of the  d a t a  used i n  t h i s  a n a l y s i s .  The r e s u l t s  
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i n  t a b l e  I1 r e v e a l  no s i g n i f i c a n t  d i f f e r e n c e s  i n  tilt cond i t ions ,  s u b j e c t s ,  or 
t h e  i n t e r a c t i o n  of t h e s e  f a c t o r s .  Since no d i f f e r e n c e s  were de tec t ed  f o r  t h e  
CGI  scene,  t h e  case i n  which t h e  tilt effects were expected t o  be t h e  maximum 
p o s s i b l e ,  t he  o b j e c t i v e  e v a l u a t i o n  f o r  t h e  t e r r a i n  board scene was no t  c a r r i e d  
ou t .  
Comparison of C G I  and Te r ra in  Board R e s u l t s  
The s ink  rates from t h e  128 touchdowns f o r  t h e  CGI scene of t h i s  s tudy 
were averaged to y i e l d  a s i n g l e  mean and s t anda rd  d e v i a t i o n  f o r  comparison 
with a t e r r a i n  board mean and s t anda rd  d e v i a t i o n  based on 30 touchdowns 
r epor t ed  i n  r e f e r e n c e  6. Table I11 p r e s e n t s  t h e  s ta t i s t ica l  comparisons of 
t h e s e  da t a .  A s  expected, t h e  t e r r a i n  board resu l t s  demonstrate superior per- 
formance t o  t h a t  ob ta ined  wi th  t h e  rudimentary CGI d i s p l a y .  (See f i g .  4 . )  
CONCLUDING REMARKS 
There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  o b j e c t i v e  performance f o r  t h e  
t i l t e d  and u n t i l t e d  c o n d i t i o n s  of t h e  CGI d i s p l a y ,  though t h e  s u b j e c t i v e  
opinions i n d i c a t e d  inc reased  depth cues for t h e  t i l t e d  case. Sub jec t ive  
op in ions  revealed no such i n d i c a t i o n s  of appa ren t  depth changes with tilt 
f o r  a t e r r a in  model-board scene. The increased d e t a i l  a v a i l a b l e  with t h e  
t e r r a i n  board, as evidenced by t h e  s i g n i f i c a n t  improvement i n  s ink  ra te  com- 
pared with t h e  rudimentary CGI d i s p l a y ,  is assumed to  provide depth c u e s  t h a t  
a r e  no t  no t i ceab ly  augmented by tilt e f f e c t s .  
Although s u b j e c t i v e  opinion w a s  f avorab le  f o r  t h e  t i l t e d  CGI image, t h e  
conclusion is t h a t  t h e  inc reased  e f f o r t  involved t o  o b t a i n  t h e  proper tilt 
p r o f i l e  is no t  warranted, s i n c e  t h e r e  is no r e s u l t a n t  improvement i n  o b j e c t i v e  
r e s u l t s .  This  conclusion is based i n  p a r t  on t h e  e x p e c t a t i o n  t h a t  t h e  sub- 
j e c t i v e  p re fe rence  f o r  t h e  t i l t e d  CGI image would l e s s e n  or disappear  i f  t h e  
a d d i t i o n a l  runway d e t a i l s  of a more s o p h i s t i c a t e d  CGI system were a v a i l a b l e .  
Langley Research Center 
Nat ional  Aeronautics and Space Adminis t ra t ion 
Hampton, VA 23665 
August 27, 1979 
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TABLE I.- LINEAR APPROXIMATIONS OF THE 
737-1 00 FLIGHT CHARACmRISTICS 
Weight, N ( l b )  . . . . . . . . . . . . . . . . . . . . . . .  400 340 (90 000) 
Center of g r a v i t y  . . . . . . . . . . . . . . . . . . . . . . . . . .  a0.31; 
F l a p  d e f l e c t i o n ,  deg . . . . . . . . . . . . . . . . . . . . . . . . .  40 
Landing gea r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Down 
Damping ra t io  for: 
S h o r t  period . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.562 
Long p e r i o d  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.089 
Dutch r o l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.039 
Pe r iod  f o r :  
S h o r t  period, s . . . . . . . . . . . . . . . . . . . . . . . . . .  
L o n g p e r i o d ,  s . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
D u t c h r o l l ,  s . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6.30 
44.3 
5.12 
aIndicates 0.31 mean aerodynamic chord. 
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Degree of 
f r eedan 
1 
2 
2 
122 
127 
TABLE 11.- COMPUI'ED F-VALUES FOR THE ANALYSIS OF VARIANCE 
~~ 
Tabula ted  F-values f o r  
Canputed s i g n i f i c a n c e  level of - 
F- va lue  
0.05 0.01 
1.42 3.92 6.85 
1.02 3.07 4.79 
. I  0 3.07 4.79 
Fac to r  
T i l t  
S u b j e c t s  
T i l t -  s ubj  e ct 
i n t e r a c t i o n  
Error 
Total 
- 
~~ 
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TABLE 111.- STATISTICAL COMPARISCN OF RUDIMENTARY CGI 
AND TERRAIN BOARD PERFORMANCE . 
Rudimentary 
CG I 
T e r r a i n  model 
board 
(a) Canparison of means and s t a n d a r d  d e v i a t i o n s  
-- - - -__- _ _  _ _  
I Sink  rate, m/s ] I I 
1.655 
1.320 
0.674 
.341 
-1 Sample I Canputed t-test I Canputed F- tes t  
.... - - - -. . .. 
a2.64 128 
30 
a Ind ica t e s  s i g n i f i c a n c e  a t  t h e  1 -per cen t  level.  
b Ind ica t e s  s i g n i f i c a n c e  a t  t h e  5-percent l e v e l .  
(b) Tabulated o n e t a i l e d  t- and F-values 
T e s t  
t 
F 
of var iance  I 
I Value a t  s i g n i f i c a n c e  
I 
Degrees of leve l  of - 
_. - . freedom 
0.05 
2.140 
1 56 1.658 
127, 29 1.700 
1 0  
Horizon 
r 
I 
6' 
Runway 
C e n t e r  l ine  
~ 
Figure 1.- The rudimentary CGI per spec t ive  runway. 
1 1  
Image 
Untilted 
- 
Lens 
- 
Tilted 
Image 
Figure 2.- S t y l i z e d  e f f e c t  of co l l imat ion  and image tilt on v i s u a l  scene. 
,.~ 2 t 
Nearest 
image 
distance, 
9.1 m 
~ 
6 Lens 
Observer 
Tilted 
CRT Untilt ed 
CRT 
I 
Figure  3.-  Geometry necessa ry  t o  o b t a i n  image d i s t a n c e  p r o f i l e s .  
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I 
3.0 
2.0 
d + 
nl 
k 
0 Mean for  tilted display, CGI scene 
0 Mean for untilted display, CGI scene 
A Mean for CGI performance 
0 Mean for  terrain board performance 
(ref. 6) 
0 1  I I I I I 
Subject 1 Subject 2 Subject 3 C GI Terrain 
performance board 
performance 
Figure 4.- Means and s tandard  dev ia t ions  of s ink - ra t e  performance. 
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